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CLAIMS

fsing

a first and a second layer of ferromagnetic material separated by a spacer la
nonmagnetic material, the magnetization direction of said first layer of fe
material being substantially perpendicular to the magnetization directio: Y .said second
layer of ferromagnetic material at zero applied magnetic field; 4

a back layer of nonmagnetic electrically conductive ma ial adjacent to and in
contact with said first ferromagnetic layer, said back layer€ing coextensive with said
first ferromagnetic layer covering substantially the entirecfirst ferromagnetic layer; and
means for maintaining the magnetization m second ferromagnetic layer in a
desired direction.

2. A magnetoresistive sensor as in claimg’} ' wherein said means comprises an exchange

bias layer of antiferromagnetic maj adjacent to and in contact with said second

compriséd of an alloy of iron-manganese.

A magnetoresistive sensor as in claim 2 wherein the thickness of said
ferromagnetic layer being within the range of about 50 angstroms to about 150
angstroms.

6. A magnetoresistive sensor as in claim 1 wherein the minimum thickness of said

onmagnetic back layer being.

b.guﬁ},angstmms_




electrons in said nonmagnetic back layer material.
8. A magnetoresistive sensor as in claim 6 wherein the thickness of Y
back layer being within the range of ébout 4 angstroms to about 100¢
9. A magnetoresistive sensor as in claim 6 wherein the thlc ss of said nonmagnetic

back layer beiﬁg within the range of about 4 angstroms to @ut 60 angstroms.

10. A magnetoresistive sensor as in claim 1 wherein £ i thickness of said first and said

second ferromagnetic layers each being within th nge of about 5 angstroms to about
150 angstroms.
11. A magnetoresistive sensor as in cldim 10 wherein the thickness of said first
ferromagnetic layer being within the r__(____f about 5 angstroms to about 30 angstroms.
12. A magnetoresistive sensor as/ i cla1m 1 wherein said nonmagnetic spacer layer has
a thickness less than the

nonmagnetic spacer material;;




second ferromagnetic layers comprise a multilayered structure.
19. A magnetoresistive sensor as in claim 18 wherein said multilayer cture
comprises at least one layer of a first ferromagnetic material and at least org’layer of a
second ferromagnetic material, said layers being alternatively laminated. £
20. A magnetoresistive sensor as in claim 18 wherein said first ;é’:;romagnetic_ layer
comprises a thin layer of cobalt and a thin layer of nickel-iron, thin layer of cobalt
formed adjacent said nonmagnetic spacer layer.
21. A magpetoresistive sensor as in claim 18 w 1erein said first and second
ferromagnetic layers each comprise a thin layer of cob ..and a thin layer of nickel-iron,

said thin layer of cobalt formed adjacent said no éﬁeﬁc spacer layer.




a desired direction;

actuator means coupled to said magnetic transducer for m@ving said magnetic
transducer to selected tracks on said magnetic storage medium;

detection means coupled to said magnetoresistive sedsor for detecting resistance
changes in said magnetoresistive sensor in response toimagnetic fields intercepted by
said magnetoresistive sensor, said magnetic fields repreésentative of data bits recorded in
said magnetic storage medium. |
26. A magnetic storage system as in clai wherein said bias means comprises an
exchange bias layer of antiferromagneticématerial adjacent to and in contact with said
second ferromagnetic layer, said antifgfromagnetic layer for providing a bias field in said

second ferromagnetic layer for'/maintaining the magnpetization in said second

sgrietoresistive sensor to said detection means.

A magnetic storage system as in claim 28 wherein said capping layer comprises a




alloys of silver, copper and gold.

31. A magnetic storage system as in claim 30 wherein said nonmaghefic spacer layer

comprises a thin film layer of copper.

comprises a thin film layer of copper.
34. A magpetoresistive sensor comprisi
a first and a second layer of fer gnetic material separated by a spacer layer of a
nonmagnetic conductive material 4h€ direction of magnetization in said first and second
layers of ferromagnetic mats responsive to a magnetic field generated by a sense
current in said magnetorggistive sensor being oriented at equal and opposite angles with
respect to the senso netic easy axis;
a first back Jayer of nonmagnetic electrically conductive material adjacent to and in

contact with 431d first ferromagnetic layer, said first ferromagnetic layer disposed

a second back layer of nonmagnetic electrically conductive, material adjacent to and
contact with said second ferromagnetic layer, said second ferromagnetic layer
disposed between said second back layer and said spacer layer, said second back layer
being coextensive with said second ferromagnetic layer covering substantially the entire
second ferromagnetic layer.

35. A magnetoresistive sensor as in claim 34 wherein the minimum thickness of said

g about- 4 angstroms LT e
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about 1000 angstroms.
38. A magnetoresistive sensor as in claim 35 wherein the thickness of said first and
said second nonmagnetic back layers each being within the range‘of about 4 angstroms to
about 60 angstroms.

39. A magnetoresistive sensor as in claim 34 wherein‘the thickness of said first and
said second ferromagnetic layers each being withinA he range of about 5 angstroms to
about 30 angstroms. .

40. A magnetoresistive sensor as in claim/34 wherein said nonmagnetic spacer layer

nonmagnetic spacer material.

41. A magnetoresistive sensg
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layer.

46. A magnetoresistive sen




described, in which a component of the read el t resistance varies as

the cosine of the angle between the magneti : ;on directions in two
adjacent magnetic layers. The sensor r element includes two adjacent
ferromagnetic layers separated by a pOpflagnetic metallic layer. & layer
of nonmagnetic electrically cond ve material is deposited adjacent to
and in contact with at least of the ferromagnetic layers (referred to
as a filter 1a¥er) to form/arback or conduction layer which provides a
low resistance path forfgonduction electrons transmitted through the
adjacent filter lay .The thickness of the filter layer is selected

such that it effedfively blocks conduction electrons having spins

by effectively varying the electrically resistance to conduction

sfectrons in the back/filter layer. The thickness of the back layer is




